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MOLECULAR MEMORY DEVICE 

Related Applications 

This application contains subject matter related to the subject matter 
disclosed in copending U.S. Provisional Patent Application Serial No. 
60/289,056, filed on May 7, 2001, entitled "Electrically Addressable Memory 
5 Switch With Built-in Leakage Current Barrier". 

Field of the Invention 

The invention relates to a memory device, and more particularly to a 
memory device including a molecular system with ionic complexes distributed in 
the system. 

10 Background of the Invention 

Various types of electrically addressable memory devices for computer 
. data storage are known in the art. Most of these devices store a data bit as a 
charge in a capacitor. The charge state can be read out and the output signal used 
to control processes in a computer processor. Most of these devices require 
15 complex siUcon processing steps and a dedicated device architecture which 
depends on memory type. 

Memory devices are * distinguished by their speed and data retention 
characteristic, Dj/namic random access memory (DRAM) is a volatile memory 
characterized by a destructive read. This means that it is necessary to supply 
20 voltage to the memory bits at all times, or the information will disappear. 
Furthermore, each memory element has associated with it a transistor. Static 
random access memory (SRAM) stores data iti a bistable flip-flop, coimnonly 
consisting of cross-coupled inverters. It is called "static" because it will retain a 
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value as long as power is supplied. It is still volatile, i.e. it will lose its contents 
when the power is switched off, in contrast to ROM. SRAM is usually faster than 
DRAM, but each bit requires several transistors (about six), so that a lesser 
number of bits of SRAM fit in the same area as compared to DRAM. 
5 Erasable programmable read only memory (EPROM) is a type of storage 

device in which the data is determined by electrical charge stored in an isolated 
("floating") MOS transistor gate. The isolation is good enough to retain the charge 
almost indefinitely (more than ten years) without an extraial power supply. The 
EPROM is programmed by "injectmg" charge into the floating gate, using a 

10 technique based on the tunnel effect. This requires higher voltage than in nonnal 
operation (usually 12V - 25V). The floating gate can be discharged through UV- 
illumination or electrically (EEPROM). Usually bytes or words can be erased and 
reprogrammed individually during system operation. EEPROM is more e3q)ensive 
and less dense than RAM. It is appropriate for storing small amounts of data 

15 which is changed infrequently. Another known non-volatile memory device is a 
ferromagnetic RAM (Fe-RAM), wherein the individual storage cells do not 
require a dedicated transistor. 

When using passive memory devices connected in parallel, e.g., in form of 
an array, leakage current problems can occur. Leakage problems can be reduced, 
20 for example, by forming a Schottky barrier between an organometallic charge- 
transfer complex, such as M(TCNQ) and the underlying electrode. Alternatively, 
it has been proposed to provide a rectifying diode m series with the switching 
resistance-at each intersection point of a memory array. This requires additional 
layers and processing steps. 

25 The molecular composite material can have stable and metastable states 

that affect the retention time of the device. The device has an electrically 
insulating off state and at least one electrically conducting on state. The device 
can be switched reproducibly between the on state(s) and the off state by applying 
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an electrical field across the device with a predetermined polarity and magnitude 
for a predetermined time. 

It would therefore be desirable to provide a device that has a built-in 
barrier that reduces leakage currente. 

5 Summary of the Invention 

The present invention provides a novel memory cell comprising an active 
region including a molecular system. Ionic complexes may be distributed in the 
molecular system. At least one write electrode applies an electric field to the 
active region to write information to the active region, and at least one read 

10 electrode is provided for reading the information firom the active region. 

In accordance with an aspect of the invention, the memory cell may 
includes a pair of write electrodes for writing information to the memory cell, and 
the active region responsive to an electric field applied between the first and 
second write electrodes for switching between an on state and an off state. A pair 

15 of read electrodes detect whether the active region is in the on state or in the off 
state to read the information firom the memory cell. 

In accordance with another aspect of the invention, a memory device 
iacludes a memory cell array composed of multiple memory cells arranged in row 
and column directions. Each memory cell comprises an active region including a 

20 molecular system and ionic complexes distributed in the molecular system, first 
and second write electrodes for applying an electric field to the active region, to 
write information to the memory ceU, and first and second read electrodes for 
detecting electrical conductivity of the active region, to read the information from 
the memoiy ceU. 

25 In accordance with another aspect of the invention, a memory cell in a 

memory device including a memory cell array composed of multiple memory 
cells arranged in row and column directions, comprises first and second barrier 
elements arranged in contact with the active region to reduce leakage current. 
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In accordaace with an embodiment of the invention, the first barrier 
element may be made of material having a work function different from a work 
function of the second barrier element. For example, the first and second barrier 
elements may be made of different metals, 
5 Different materials having different work functions may be used for the 

read electrodes, causing the resistance of a memory cell to be substantially 
different in a forward biased and reverse biased readout configuration. The write 
operation, on the other hand, is unaffected by the difference in the work function 
of the readout electrodes. 
10 Further features and advantages of the present invention will be apparent 

from the following description of preferred embodiments. 

Brief Description of the Drawings 

The following figures depict certain illustrative embodiments of the 
invention. These depicted embodiments are to be understood as illustrative of the 
1 5 invention and not as Umiting in any way. 

Figs, la- Id show a simplified structure of a molecular composite 
memory cell in various operational states; 

Fig. 2 shows an exemplary four-texininal device in an on state according 
to an embodiment of the present invention; 
20 Fig. 3 shows an array of memory cells, with an exemplary leakage 

current path indicated; and 

Fig. 4 shows a schematic band diagram of a composite material with two 
different work function contact metals according to an embodiment of the present 
invention. 

25 Detailed Description of Certain Illustrated Embodiments 

The present invention addresses and solves problems related to providing 
a novel memory device. The present invention overcomes these problems in part. 
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by the provision of write aad read electrodes adjacent an active region made of a 
molecular ensemble that exhibits a reproducible switching and memory effect 
applicable in macroscopic devices. The material of the active region is a 
composite material system that exhibits structural electronic instability in one 
5 dimension and enables static and dynamic control over the conductivity of such 
molecular systems. The mechanism for the memory and switching effect of these 
cells appears to be related to the structural electronic instabiUty of one- 
dimensional molecular systems and associated with the dissociation of molecules 
and/or displacement of atoms in an external electrical field. 

10 The development of molecular electronics stimulated the more detailed 

research of electrophysical characteristics of thin molecular fihns which offer new 
physical effects that may result in new technologies for electrical switchiug and 
memory applications. Although first reported in the 1960's, a generally accepted 
iuteipretation of such phenomena is still lacking. This is partly .due to the non- 

1 5 reproducibility of the resxilts, even when using identical compounds. 

A number of different materials may be used as the molecular composite 
material. Exemplary materials are described below, but are also discussed m an 
article by Yu H. Krieger, entitled, "Structural Instability of One-Dimensional 
Systems As A Physical Principle Underlying The Functioning of Molecular 

20 Electronic Devices", Journal of Structural CJiemistry, Vol, 40, No. 4, 1999 (Yu H. 
Krieger), expressly incorporated by reference herein. 

Many molecular memory cells can be made of a one-dimensional 
conductive molecular systems exhibitiug structural instability. (Peierls-effect). 
These tend to have an S-shaped (reentrant) voltage-current characteristic with 

25 memory. The impedance of such memory cells can be between '-lO MQ and -100 
fi, depending on the switching condition. 

There are two predominant types of structural organization of such 
systems. First, these are strands of linear conjugated polymers, which are weakly 
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bonded to each other and whose mutual arrangement is generally poorly 
organized. Second, these are crystal structures, where the individual molecules 
form one-dimensional columns and interact with each other much more actively 
than molecules from different columns do. Recently, molecular systems of both 
5 types were synthesized. 

Polyconjugated systems primarily involve polyvinylenes, i.e., polymers 
with an acyclic conjugation system, in which the one-dimensional character of 
structure is dictated by the mechanism of conjugation in linear macromolecules. 
Polyacetylene is a classical representative of this class of polymers. Its electronic 
1 0 structure is a prototype for many other conjugated polymers. 

Another wide class of molecular compounds formed from aromatic and 
heterocyclic molecules which possess high electric conductivity due to TC-bonds 
between molecules. Such molecular systems are called 7c-complexes or charge 
transfer complexes, with those systems whose structure involves isolated one- 

15 dimensional columns or strands possessing pronounced electro-physical 
properties of interest for switching an memory appHcations. Molecidar charge 
transfer complexes are donor— acceptor systems formed from two molecules: one 
possessing donor and another acceptor properties. Among the well-defined 
complexes with a one-dimensional structure, tetra-cyano-quiao-dimethane 

20 (TCNQ) are planar molecules with unsaturated bonds, arranged in a crystal as 
parallel stacks forming a quasi-one-dimensional system. 

ha another class of one-dimensional systems, the cations are dynamically 
disordered. It involves molecular compounds haviag the general formula 
(TMTSF)2X. Transition metal salts of K2 Pt(Casr)4 Bro.3x 3H2O (KCP) type are 
25 also the typical representatives of mixed-valence quasi-one-dimensional 
complexes, as are phthalocyaoines and porphyrins. Moreover, pure inorganic 
compounds, such as NbSea, are also interesting examples of compounds with 
quasi-one-dimensional structure. 
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An exemplary molecular composite that forms part of a simplified 
molecular memory cell (MC) is shown in Figs, la - Id. The molecular composite 
includes a quasi-one-dimensional - or at least structurally and electrically 
anisotropic - molecular matrix, wherein ionic complexes are distribute in the 
5 matrix. Polyconjugated compounds, such as the exemplary quasi-one-dimensional 
systems described above, for example, polyphenylacetylene, can be used as the 
anisotropic molecular matrix. The ionic complex can be a salt, such as sodium 
chloride (NaCl), cesiiun chloride (CsCl), or any other material that can dissociate 
in an appUed electric field. The exemplary anisotropic molecular matrix is 
10 depicted in Figs. la-Id as consisting of an assembly of chain-like molecules 
oriented perpendicular to the electrode surfaces. However, other orientations of 
those molecules or of anisotropic "channels" are possible as long as a charge 
separation of the type depicted in Figs. 1 a- Id is enabled. 

While not being bound by theory, the following is currently believed by 
15 the inventors to describe the mechanism for the conductivity change of the 
molecular composite material. Electric switching in the molecular thin films 
depicted in Figs, la- Id is characterized by the existence of two stable states, a 
high impedance state (off state) and a low impedance state (on state). The 
impedance of this off state is usually more than -10 MQ. Switching from the to 
20 the on state occurs when an appUed electric field exceeds a threshold value. The 
impedance of this on state is less than --100 Q. A transition firom on state back to 
the off state takes place when the polarity of the electric field is reversed. 

Two modes of the memory cell operation can be identified: the metastable 
mode (Fig. lb) and stable mode (Fig.lc). The stable mode of the memory cell 
25 operation may be characterized by a high threshold voltage level for switching 
between the off state and the on state (in the range of about 3-1 OV), low 
impedance of the on state (less than 100 Q), long switching time (1 ms and more) 
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and long storage time (more than two month). Some memory cells exhibit 
substantially michanged electrical properties after storage for six years. 

Conversely, the metastable mode of the memory cell function is 
characterized by a low threshold voltage level for switching between the off state 
5 and the on state (in the range of about 0. 1-0.5 V), high impedance of the on state 
(wide region, about IkQ - IMQ), short switching time (less than Ipis), and short 
storage time (between about 10s and several hours). 

Fig. la illustrates the off state, where the electrical conductivity is 
essentially zero, assuming that the anisotropic molecular matrix itself is a good 

10 electrical insulator. When an extemal electric field E is applied, as indicated in 
Fig. lb, the sodium salt dissociates into sodimn and chlorine ions, and the ions are 
displaced from their original position in the anisotropic molecular matrix, 
resulting in an increase iu the electrical conductivity of the MC (on state) to the 
metastable state. Upon further increase of the electric field, the ions become more 

15 strongly separated (Fig. Ic), accompanied by a still further increase in the 
conductivity of the MC, which attains the above-described stable state. When a 
very large field is applied over a long time, the anions and cations accumulate at 
the electrodes (Fig. Id), resulting in a sharp decrease in the electrical conductivity 
of the MC due to the absence of mobile charges ("off' state). 

20 Referring now to Fig. 2, a four-terminal memory cell 20 according to an 

embodiment of the present invention includes an upper write electrode A, an 
upper read electrode B iueulated from the upper write electrode A by an insulator 
1, a lower read electrode C, a lower write electrode D, an insulator 2 disposed of 
between flie lower read electrode C and the lower write electrode D for insulation 

25 purposes, and an active layer 22 made of composite material described above with 
reference to Fig. 1. For example, the active layer 22 may be provided in contact 
with each of the lower and upper read electrodes B and C. 
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When an electric field is applied between the write electrodes A and D, the 
ionic NaCl complex dissociates into Na"*" and CT ions. If the potential at the 
electrode A is positive with respect to the potential at the electrode D, the 
negatively charged CF ions migrate towards the positive write electrode A, " 
5 whereas the positively charged Na*^ ions migrate towards the negative write 
electrode D. For example, to provide a writing operation, the write electrode A 
may be groimded, whereas a negative potential, e.g. -10 V, may be appHed to the 
electrode D. 

The read electrodes B and C as well as the insulators 1 and 2 prevent the ions 
1 0 from actually reaching the write electrodes A and B, which only provide the 
electric field. As a result, as discussed above with reference to Fig. 1, the 
electrical conductivity of the composite material layer 22 increases so that electric 
current can pass between the read electrode B and the read electrode C. This state 
corresponds to the on state of the device 40. 

15 An erasing operation may be provided by applying betwe^ the write 

electrode A and the write electrode D an electric field having polarity opposite 
with respect to the polarity of the electric field applied to provide the writing 
operation. During the erasing operation, the device 40 is switched firom its 
conductibag state (on state) to its non-conducting state ("ofiP* state). For example, 

20 to provide the erasing operation, the write electrode A may be grounded, whereas 
a positive potential, e.g. +10 V, may be suppUed to the write electrode D. 

A reading operation may be provided by measuring the impedance of the 
active layer 22 between the read electrodes B and C. To support the reading 
operation, the electrode B may be grounded, and a small negative potential, e.g. 
25 -0. 1 V may be supphed to the electrode C. 

The device 20 may be a four-terminal memory cell of a memory device 
including a memory cell array composed of multiple memory cells arranged in 
row and column directions, wherein the electrodes A and B can form, for 
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example, the row electrodes of the memory cell array, and the electrodes C and D 
can form the column electrodes of the memory cell array. 

Fig. 3 schematically illustrates the memory cell array of the present invention. 
When a particular memory cell of the memory cell array located, for example in 
5 the fifth row (R5) and the second column (C2) is read out, then a leakage current 
can also flow by a large number of cells. Fig. 3 illustrates an exemplary path for 
the leakage current via ceUs arranged at nodes [R5,C4], [R3,C4], and [R3,C2J of 
the memory cell array, where R and C respectively identify the row and column 
addresses of a particular node. Since many such paths are available, only a small 
10 cell resistance in the reverse direction can make it impossible to reliably read out 
the information stored, for example, in the cell arranged at node [R5,C2]. 

Referring to Fig. 4, the cell resistance can be increased substantially in the 
reverse direction by providing contacts to the composite layer 22 usiug barrier 
elements 42 and 44 made of different materials, such as Metal I and Metal n with 

15 different work functions WI and WU, respectively. The conduction band and 

valence band quasi-Fenni levels of the composite material are indicated in Fig. 4. 
It is clearly seen that electronic carriers, e.g., electrons, passing through the active 
layer 22 firom Metal n into Metal- 1 have to overcome a substantially larger 
potential barrier that electrons moving in the opposite direction. Suitable metals 

20 for a low work function Metal I are, for example, Al, Mg, Ag and In, whereas 

suitable metals or materials for a high work function Metal n are, for example, Au 
and Indium-Tin-Oxide (ITO). It is th erefore possible to design memory cells with 
low leakage currents using the composite material disclosed herein. 

The barrier elements 42 and 44 made of different materials having different 
25 work functions may be used as read electrodes for reading inforaiation firom a 
memory cell by detecting impedance of the active layer 22 between the elements 
42 and 44. The barrier elements having different work functions cause the 
impedance of the memory cell to be substantially different in a forward biased 
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and reverse biased readout configuration. The writing operation, on the other 
hand, is unaffected by the difference in the work function of the readout 
electrodes. 

While the invention has been disclosed in connection with the preferred 
5 embodiments shown and described in detail, various modifications and 

improvements thereon will become readily apparent to those skilled in the art. 
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What is Claiined Is: 

1 . A memory cell comprising: 

an active region including a molecular system, 
at least one write electrode for applying an electric field to the 
active region to write information to the active region, and 

at least one read electrode for reading the information firom the 

active region. 

2. The memory cell of claim 1, wherein the active region further 
includes ionic complexes distributed in the molecular system. 

3. The memory cell of claim 2, wherein the active region has a low- 
impedance state and a high-impedance state. 

4. The memory cell of claim 3, wherein the active region is 
responsive to the applied electric field by switching fi-om the high-impedance 
state to the low-impedance state to write the information. 

5. The memory cell of claim 4, wherein impedance of the active 
region is detected to read the information. 

6. The memory cell of claim 5, wherein the active region is 
configured to switch to the low-impedance state when intensity of the applied 
electric field of a first polarity excaeds a threshold value. 

7. The memory cell of claim 6, wherein the active region is 
configured to return to the high-impedance state when an electric field of a second 
polarity opposite with respect to the first polarity is applied to the active region. 

8- The memory cell of claim 7, wherein the writing electrode is 
arranged for providing the electric field of the second polarity. 
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9. The memory cell of.claim 2, wherein the read electrode is provided 
in contact with the active region. 

10. The memory cell of claim 9, further comprisiag an insulator 
provided between the read electrode and the write electrode. 

11. The memory cell of claim 2, wherein an ionic complex includes 
ions of Na aad CI. 

12. The memory cell of claim 2, wherein an ionic complex includes 
ions of Cs and CI. 

13. The memory cell of claim 2, wherein the molecular system 
includes a quasi-one-dimensional molecular matrix. 

14. The memory cell of claim 2, wherein the molecular system 
includes a structurally and electrically anisotropic molecular matrix. 

15. The memory cell of claim 2, wherein the molecular system 
includes a polyconjugated compound. 

16. The memory cell of claim 2, wherein the molecular system 
includes aromatic molecules. 

(.. 

17. The memory cell of claim 2, wherein the molecular system 
includes heterocyclic molecules. 

18. The memory cell of claitn 2, wherein the molecular system 
includes porphyrin. 

19. The memory cell of claim 2, wherein the molecular system 
includes phtalocyanines. 
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20. The memory cell of claim 2, wherein the molecular system 
includes anisotropic inorganic material. 

21. The memory cell of claim 2, further comprising first and second 
barrier elements arranged in contact with the active region to reduce leakage 
current. 

22. The memory cell of claim 21, wherein the first barrier element is 
made of material having a first work function, and the second barrier element is 
made of material having a second work function different from the first work 
function. 

23. The memory cell of claim 22, wherein the first and second barrier 
elements are made of different metals. 

24. A memory cell comprising: 

first and second write electrodes for writing information to the memory 

cell, 

an active region including a molecular system, and responsive to an 
5 electric field applied between the first and second write electrodes for switching 

* 

between an on state and an off state, and 

first and second read electrodes for detecting whether the active region is 
in the on state or in the off state to read the information firom the memory cell. 

25. The memory cell of claim 24, wherein the active region further 
comprises ionic complexes distributed in the molecular system. 

26. The memory cell of claim 25, wherein the active region is 
configured to have a low impedance in the on state and a high impedance in the 
off state. 
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27. The memory cell of claim 26, wherein the active region is 
responsive to the ^pUed electric field of a first polarity by switching from the off 

- state to the on state to provide writing the iiiforma^^ 

28. The memory cell of claim 27, wherein the active region is 
responsive to an electric field of a second polarity applied between the first and 
second write electrodes by switching from the on state to the off state, to provide 
erasing the written information, flie second polarity is opposite with respect to the 

5 first polarity. 

29. The memory cell of claim 25, wherein the active region is provided 
ia electrical contact with the first and second read electrodes. 

30. The memory cell of claim 29, fiirther comprising a first insulating 
layer provided between the first read electrode and the first write electrode. 

31. The memory cell of claim 30, fiurther comprising a second 
insulating layer provided between the second read electrode and the second write 
electrode. 

32. A method of storing information using a storage device having an 
active region iucluding a molecular system and ionic complexes distributed in the 
molecular system, the method comprising the steps of: 

applyiag an electric field of a first polarity between a first pair of 
5 electrodes surroxmding the active region, to write information into the storage 
device, and 

detecting electrical conductivity of the active region using a second pair of 
electrodes surrounding the active region, to read the information ftam the storage 
device. 
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33 . The method of claim 32, further comprising the step of applying an 
electric field of a second polarity between the first pair of electrodes, to erase the 
information written to the storage device, the second polarity is opposite with 
respect to the first polarity. 

34. A memory device including a memory ceU airay composed of 
multiple memory cells arranged in row and colunm directions, each memory cell 
comprising: 

an active region including a molecular system and ionic complexes 
5 distributed in the molecular system, 

first and second write electrodes for applying an electric field to the active 
region, to write information to the memory cell, and 

first and second read electrodes for detecting electrical conductivity of the 
active region, to read the information from the memory cell. 

35. The memory device of claim 34, wherein the active region fiirther 
comprises ionic complexes distributed in the molecular system. 

36. The memory device of claim 35, wherein the first write electrode 
and the first read electrode are row electrodes of the memory cell airay. 

37. The memory device of claim 36, wherein the second write 
electrode and the second read electrode are column electrodes of the memory cell 
array. 

38. The memory device of claim 37, fiirther comprising a first 
insulating layer between the first write electrode and the first read electrode, and a 
second insulating layer between the second write electrode and the second read 
electrode. 
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39. The memory device of claim 38, wherein the first and second read 
electrodes are provided in contact with the active region. 

40. The memory device of claim 35, wherein the first and second read 
electrodes are arranged in contact with the active region to reduce leakage 
current. 

41. The memory device of claim 40, wherein the first read electrode is 
made of material having a first work function, and the second read electrode is 
made of material having a second work function dififerent firom the first work 
function. 

42. The memory device of claim 41, wherein the first and second read 
electrodes are made of different metals. 

43. A memory device including a memory cell array composed of 
multiple memory cells arranged in row and column directions, each memory cell 
comprising: 

an active region including a molecular system, and 
5 first and second barrier elements arranged in contact with the active 

region to reduce leakage current. 

44. The memory device of claim 43, wherein the active region further 
comprises ionic complexes distributed in the molecular system. 

45. The memory device of claim 43, wherein the first barrier element 
is made of material having a first work function, and the second barrier element is 
made of material having a second work function diffCTent firom the first work 
function. 

46. The memory device of claim 45, whereia the first and second 
barrier elements are made of different metals. 
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47. The memory device of claim 45, wherein the material of the first 
barrier element is selected from the group consisting of Al, Mg, Ag, and In 

48. The memory device of claim 47, wherein the material of the 
second barrier element is selected from the group consisting of Au and Indimn- 
Tin-Oxide. 

49. The memory device of claim 43, wherein the first and second 
barrier elements are read electrodes for reading information from the memory cell 
by detecting impedance of the active region between the read electrodes. 



BNSDOCID: <WOL_02091495A2_I_> 



wo 02/091495 



PCT/US02/14269 



1/3 




FIG. 1(a) - FIG. 1(b) 




FIG. 1(c) FIG. 1(d) 



SUBSTITUTE SHEET (RULE 26) 

02091 48SA2J_> 



wo 02/091495 PCT/US02/14269 



2/3 




FIG. 2 



SUBSTITUTE SHEET (RULE 26) 

BNSDOCIO: <WO_0e(»1485A^I_> 



wo 02/091495 



3/3 



PCT/US02/14269 




C2 


. C4 

FIG. 3 






Wi 






r" 


1 

Metal 1 f 

42 


Composite Material 


Ev 


w„ 








\ Metal 11 
44 



4 * 

FIG. 4 



SUBSTITUTE SHEET (RULE 26) 

02091 495A2J_> 



1 



{ 



(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT) 



(19) World Intellectual Property Organization 

International Bureau 

(43) International Publication Date 
14 November 2002 (14.11.2002) 




PCT 




(10) International Publication Number 

wo 02/091495 A3 



( 



(51) Iriternationa! Patent Classification^: HOI L 51/20, 
27/00, Gl IC 13/02 

(21) International Application Number: PCT/US02/ 14269 

(22) International Filing Date: 7 May 2002 (07.05.2002) 



(25) Filing Language: 

(26) Publication Language: 

(30) Priority Data: 

60/289,056 



English 
English 



7 May 2001 (07.05.2001) US 



(71) Applicant: COATUE CORPORATION [US/US]; 25 
Olympia Avenue, Suite B, Wobum, MA 01801 (US). 

(72) Inventors: BULOVIC, Vladimir; MTT, 77 Massachusetts 
Avenue. Room 13-3138, Cambridge, MA 02139 (US). 



- - MANDELL, Aaron r 140 Marlborough Street," Apt. " 3;- 
Boston, MA 02116 (US). PERLMAN, Andrew; 310 
Marlborough Street, Boston, MA 02116 (US). 

(74) Agent: YAMPOLSKY, Alexander, V.; McDermott, WiU 
& Emery, 600 13th Street, N.W., Washington, DC 20005- 
3096 (US). 

(81) Designated States (national): AE, AG, AL, AM, AT, AU, 
AZ. BA, BB. BG, BR, BY, BZ, CA, CH. CN, CO, CR. CU, 
CZ, DE, DK, DM, DZ, EC, EE, ES, H. GB, GD, GE, GH, 
GM, HR, HU, ID, XL, IN, IS, JP, KE, KG, KP, KR, KZ, LC, 
LK, LR, LS, LT, LU, LV, MA, MD, MG, MK, MN, MW, 
MX, MZ, NO, NZ, OM, PH, PL, PT, RO, RU, SD, SE, SG, 
SI, SK, SL, TJ, TM, TN, TR, TT, TZ, UA, UG, UZ, VN, 
YU, ZA, ZM, ZW. 

(84) Designated States (regional)*. ARIPO patent (GH, GM, 
KE, LS. MW, MZ, SD, SL, SZ, TZ. UG, ZM. ZW). 

[Continued on next page] 



( 



(54) Title: MOLECULAR MEMORY DEVICE 





I -f + -f + 



(57) Abstract: A novel memory cell is provided with an ac- 
tive region including a molecular system and ionic complexes 
distributed in the molecular system. A pair of write electrodes 
are arranged for writing information to the memory ceU. The 
active region is responsive to an electric field applied between 
the pair of write electrodes for switching between an on state 
and an off state. The active region has a high impedance in the 
off and a low impedance in the on state. A pair of read elec- 
trodes is used to detect whether the active region is in the on 
state or in the off state to read the information from the mem- 
ory cell. Read electrodes may be made of different materials 
having different work functions to reduce leakage current. 



FIG. 1(a) 



FIG. 1(b) 



< 



o 



O 




FIG. 1(c) 




FIG. 1(d) 



JDOCID; <WO_02091495A3J_> 



wo 02/091495 A3 lilllliilliliillllillillllllilililliilll 



Eurasian patent (AM, AZ, BY, KG, KZ, MD, RU, TJ, TM), (88) Date of publicatioo of the mternational search report: 
European patent (AT, BE, CH, CY, DE, DK, ES, FI, FR, 21 August ^003 

GB, OR, IE, rr, LU, MC, NL, PT, SE, TR), OAPI patent 
(BF, BJ, CF, CG, CI, CM, GA, GN, GQ. GW. ML, MR, 
NE, SN, TD, TG). 

For two-letter codes and other abbreviations, refer to the "Guid- 
Published : ance Notes on Codes and Abbreviations" appearing at the begin- 

— with international search report ning of each regular issue of the PCT Gazette, 



( 



3NSDOCID: <WO 02091 495A3 I > 



ir^RNATIONAL SEARCH REPORT 



Int 



d^|||ionaI Application No 

PCT/US 02/14269 



A. CLASSIFiCATION OF SUBJECT MATTER 

IPC 7 H01L51/20 H01L27/00 611C13/02 



According to tntemational Patent Classincation (IPC) or to botti national classification and IPC 



B. FIELDS SEARCHED 



Minimum documentation searciied (dassification system followed by classification symbols) 

IPC 7 HOIL GllC 



Documentation searched other than minimum documentation to the extent that such documents aie included in the fields searched 



Electronic data base consulted during the International search (name of data base and, where prececal, search temns used) 

EPO-Internal , PAJ, WPI Data 



C. DOCUMENTS CONSIDERED TO BE RELE\MNT 



Category • 



Citation of document, with indication, where appnopiiate. of the relevant passages 



Relevant to claim No. 



JURI H KRIEGER ET AL: "Molecular Analogue 
Memory Cell" 

FORESIGHT CONFERENCE ON MOLECULAR 
NANOTECHNOLOfiY, XX, XX, 

12 November 1998 (1998-11-12), pages 1-9, 
XP002209014 
page 1 

page 2; figures 1,2 
page 8 -page 9 



1-49 



US 4 652 894 A (POEHLER JR THEODORE 0 
AL) 24 March 1987 (1987-03-24) 
figures 1,3 

column 3, line 20 -column 4, line 35 

column 7; claims 

-/-- 



ET 



1-49 



j Y, I Further documents are listed in the continuation of box C. 



ID 



Patent family memtiers are listed in annex. 



^ Special categories of cited documents : 

•A' document defining the genera) state of the art which is not 
considered lo be of particular relevance 

'E* eariter document but published on or after the international 
filing date 

*L' document which may throw doubts on priority c1aim(s)or 
which is cited to estabFish the publication date of another 
citation or other spedaS reason (as specified) 

*0* document referring to an oral disclosure, use, exhibition or 
other means 

*P' document published prior to the international filing date but 
later than the priority date claimed 



'T* later document published after the internationai filing date 
or priority date and not in confllcl with the application but 
cited to understand the principle or theory underlying the 

invention 

■X' document of particular relevance; the claimed invention 
cannot be considered novel or cannot be considered to 
involve an inventive step when the document is taken alone 

'Y' document of particular relevance; the claimed invention 

cannot be considered to involve an inventive step when the 
document is combined with one or more other such docu- 
ments, such combination being obvious to a person skiiied 
in the art. 

document member of the same patent family 



Date of the actual completion of the international search 



27 March 2003 



Name and mailing address of the ISA 

European Patent Office. P.B. 5818 Patenltaan 2 
NL-2260I-IV RijswOlc 
Tel (+31-70) 340-2040, Tx. 31 651 epo nl. 
Fax: (+31-70) 340-3016 



Date of mailing of the international search report 



04/04/2003 



Authorized officer 



Palsdor, B 



Form PCT/lSA/210 (second sheet) (July 1992) 



3DOCID: <WO_02091 495A3_I_> 



irKRNATIONAL SEARCH REPORT 



InteijlPbnal Application No 

PCT/US 02/14269 



C.(ContinuaUon) DOCUMENTS CONSIDERED TO BE RELEVANT 



Category * 


Citation of document, with Indication.where appropriate, of the relevant passages 


Relevant to claim No. 


X 


us 5 034 192 A (KITTLESEN GREGG P ET AL) 

zs July lyyi ^lyyi— u/— ^o; 

column 4, line 59 - line 68 

column 10; example 1 

column 12 -column 14; example 4 

column 6, line 62 - line 68 


1-49 


X 


EP 0 727 822 A (CANON KK) 
21 August 1996 (1996-08-21) 

abstract; claim 1 
figure 8 


1,24,32, 
34,43 


X 


EP 0 268 370 A (CANON KK) 
25 May 1988 (1988-05-25) 
aostract; claims 1,4 

figures 1,7 

examples 1,2,5 
page 2, line 36 - line 45 
page 3, line 45 - line 48 


1,24,32, 
34,43 


X 


WO 99 04440 A (BEN JOSEPH GDALYAHU 

. T[r^IJRtTr»M Dec 0 r\TT\l r/M IMr\ A XT AM fyt \. 

;lt.LnNi(JIM Ktb & UhV rOUiMDAIlUN t.lLJ; 

EICHEN YO) 28 January 1999 (1999-01-28) 
abstract; claims 
figures 4-1,4-2 
page 44 -page 46; example 9 


1,24,32, 


X 


KRIEGER Y H: "STRUCTURAL INSTABILITY OF 

ONE-DIMENSIONAL SYSTEMS AS A PHYSICAL 

PRINCIPLE UNDERLYING THE FUNCTIONING OF 

MOLECULAR ELECTRONIC DEVICES" 

JOURNAL OF STRUCTURAL CHEMISTRY, PLENUM 

PRESS, NEW YORK, NY, US, 

vol. 40, no. 4, 1999, pages 594-619, 

ArUUoUUblHi 

ISSN: 0022-4766 

cited in the application 

page 610, paragraph 2.2.4 -page 611 

page 603, paragraph 2.1.1. -page 604 


1,24,32, 
34,43 


P.X 


REED M A ET AL: "MOLECULAR RANDOM ACCESS 
MEMORY CELL" 

APPLIED PHYSICS LETTERS, AMERICAN 
INSTITUTE OF PHYSICS. NEW YORK, US, 
vol. 78, no. 23, 4 June 2001 (2001-06-04), 
pages 3735-3737, XP001073300 
ISSN: 0003-6951 

the whole document 


1,24,32, 
34,43 


E 


WO 02 091385 A (COATUE CORP) 
14 November 2002 (2002-11-14) 
the whole document 

-/-- 


1-49 



{ 



Form PCT/ISA/210 (continuation of second sheet) (July 1992) 



3NSCX)CID: <WO 02091 495A3 I > 



• 

. i; 




INWNATIONAL SEARCH REPORT 


Intei^^bnal Application No 

PCT/il^ 02/1 4P6Q 




C.(Continuatlon) DOCUMENTS CONSIDERED TO BE RELEVANT 




Category " 


Citation of document, with indicatton,wliere appropriate, of the relevant passages 


Relevant to claim No. 




E 


wo 02 091494 A (COATUE CORP) 
14 November 2002 (2002-11-14) 
the whole document 




1-49 


C 

e 


E 


WO 02 091496 A (COATUE CORP) 

-14-NovembeF-2002-(-2002---ll--14) - 

the whole document 




1-49 



Forni PCT/ISA/210 (continuation of second sheet) (July 1992) 



5DOCID: <WO_02091495A3 I > 



l^lpRNATIONAL SEARCH REPORT 



Information on patent family members 



Patent document 
cited in search report 



Publication 
date 



int 



^jpional Application No 

PCT/US 02/14269 



US 4652894 



24-03-1987 



US 5034192 



23-07-1991 



EP 0727822 



21-08-1996 



EP 0268370 



25-05-1988 



WO 9904440 



28-01-1999 



WO 02091385 



14-11-2002 



WO 02091494 



14-11-2002 



WO 02091496 



14-11-2002 



Patent family 
member{s) 



US 

us 



4371883 A 
4507672 A 



JP 
JP 
JP 

JP 
JP 
JP 
JP 
DE 
DE 
EP 
US 



63296273 A 
2039045 C 
7077272 B 

63096956 A 
2010983 C 
7048575 B 

63160389 A 
3751376 Dl 
3751376 T2 
0268370 A2 
5359204 A 



IL 121312 A 

AU 749432 B2 

AU 8239798 A 

CN 1264498 T 

EP 0998759 Al 

WO 9904440 Al 

JP 2001510922 T 

US 2002171079 Al 



WO 02091385 Al 
US 2002163331 Al 



WO 

us 



02091494 Al 
2002163829 Al 



WO 

us 



02091496 A2 
2002163057 Al 



Publication 
date 



01-02-1983 
26-03-1985 



lie* 

US 


ii r» ^ *T rt r" 

4895705 


A 


23-01-1990 


us 


4721601 


A 


26-01-1988 


All 

AU 


605057 


B2 


03-01-1991 


All 

AU 


4787990 


A 


10-05-1990 


A 1 1 

AU 


589920 


B2 


26-10-1989 


A t 1 

AU 


5030685 


A 


05-06-1986 


CA 


1243419 


Al 


18-10-1988 


CA 


1260159 


A2 


26-09-1989 


DE 


3588098 


Dl 


15-05-1996 


EP 


0185941 


A2 


02-07-1986 


JP 


2073456 


C 


25-07-1996 


JP 


7095052 


B 


11-10-1995 


JP 


62011159 


A 


20-01-1987 


US 


4936956 


A 


26-06-1990 


US 


4929313 


A 


29-05-1990 


us 


4717673 


A 


05-01-1988 


JP 


8222648 


A 


30-08-1996 


DE 


69603632 


Dl 


16-09-1999 


DE 


69603632 


T2 


06-04-2000 


EP 


0727822 


A2 


21-08-1996 


KR 


234502 


Bl 


15-12-1999 


us 


5942779 


A 


24-08-1999 



02-12- 
28-03- 
16-08- 
27-04- 

02- 02- 

24- 05- 
04-07- 

03- 08- 
16-11- 

25- 05- 
25-10- 



•1988 
-1996 
1995 
•1988 
1996 
1995 
1988 
1995 
1995 
1988 
1994 



13-09- 

27- 06- 
10-02- 
23-08- 
10-05- 

28- 01- 
07-08- 
21-11- 



■2001 
•2002 
■1999 
■2000 
■2000 
■1999 
■2001 
■2002 



14-11-2002 
07-11-2002 



14-11-2002 
07-11-2002 



14-11-2002 
07-11-2002 



Form PCT/ISA/210 (patent lamiiy annex) (Jul/ 1992) 
JNSDOCID: <WO_02G91495A3_L> 



